Non-Hodgkin's lymphomas are common canine cancers with variable demographic and clinical presentations. Their pathological characterization and treatment lag far behind those of humans. We describe consecutive lymphoma patients detected over a one-year period at the National Autonomous University of Mexico (UNAM). Of 4,512 dogs: 220 (4.9%) had a cancer diagnosis, of which 27 (0.6%) had lymphoma (12% of cancer patients). We found an association with Miniature Schnauzers, which represented 18.5% (5/27) of lymphoma patients, but it was only 6.4% (288/4,512) of the dogs studied in this time period (p < 0.011). Miniature Schnauzers and mongrels together constituted nearly half of lymphoma cases. Mean age at diagnosis was 7.5 years (3-14), with a female to male ratio of 1.7:1. We found no correlation between lymphoma and castration status. Most patients presented nodal involvement (80%), were in advanced stages III/IV (90%) and had B-cell versus T-cell tumors (64%/36%). Only two histopathological patterns were seen, both with diffuse nodal-replacement by large immunoblast and/ or centroblast-like cells; one having numerous tingible-body macrophages which are suggestive of a high proliferative rate. Chemotherapy was given to 15 patients (65%) with an overall response of 73% (3 complete responses/8 partial responses) and a mean overall survival of 219 days (4-586; SD±185). One cutaneous lymphoma-patient achieved partial response (PR) with lomustine/prednisone, and treatment was still ongoing at 548 days. Earlier diagnosis, better lymphoma subtype distinction, and specific curative treatments are needed.
Introduction
Lymphomas are a group of diverse monoclonal neoplasms that originate from B, T, or natural killer (NK) lymphocytes at different stages of maturation. 1, 2 As a group, lymphomas represent one of the most common tumors in dogs, comprising between 7-24% of all tumors and 83-90% of hematological cancers. 3 There is no information on its annual incidence in Mexico. In the United States, between 13 to 24 cases per 100,000 dogs 4 are estimated to be lymphomas. Middle aged and old dogs are mostly affected. 1, 2 Interestingly, there are certain breeds with higher incidence of lymphoma such as Boxers, Bullmastiffs, and Bulldogs. 5 Clinically, primary nodal involvement by lymphoma is more common than extra-nodal disease, but any organ may be affected. 6 In terms of cell of origin, B-cell-derived tumors are more prevalent than those derived from T-cells (ratio of 2:1). 7 Since the decade of 1980, the introduction of multidrug chemotherapy regimens for the treatment of canine lymphoma has made the disease treatable, but still rarely curable. 1 Currently, the standard treatment in veterinary medicine for canine lymphoma is based most commonly on CHOP (cyclophosphamide, hydroxy-daunorubicin, vincristine and prednisone), with or without the addition of L-asparaginase, not considering the cell of origin or type of lymphoma. T-cell lymphoma respond less favorably and generally have a worse prognosis. 8, 9 In humans, different types of B, T or NK-cell lymphomas are treated by tailored chemotherapy protocols, which should ideally be the case for dogs. 10 We present demographic and clinical information on canine lymphoma in a referral center in Mexico. It provides further insight into our patient population and points areas to improve its diagnosis and clinical management.
Materials and methods Animals
The Veterinary Specialty Hospital (HVE) at UNAM is a veterinary referral center. Of 4,512 dogs seen over one year (2013), 220 (4.9%) were diagnosed with cancer, of which 27 (0.6%) had lymphoma. Clinical data, pathology, treatment and outcomes from consecutive lymphoma patients were retrospectively analyzed from medical records. Clinical data from all patients seen at the HVE were available to be reviewed for comparison. The clinical data included breed, sex, neutering status, age at diagnosis, clinical signs, complete blood count (CBC), serum biochemistry profile, diagnostic procedures, and clinical stage according to the World Health Organization (WHO) criteria, as well as treatments, response rates and survival. Response to treatment was evaluated using Response Evaluation Criteria for canine peripheral nodal lymphoma 11 as follows: complete response (CR) as complete disappearance of all clinically measurable disease; partial response (PR) as > 30% but < 100% reduction in the sum of the longest diameter of measurable tumors; stable disease (SD) as < 30% reduction or < 20% increase in the sum of the longest diameters of measurable tumors without the appearance of new neoplastic lesions; and progressive disease (PD) as an increase of > 20% in the sum of the longest diameters of measurable tumors or the appearance of new neoplastic lesions. Overall survival (OS) was defined as the time from the date of diagnosis to the date of death from any cause, and response duration (RD) was defined as the duration from the documented response (CR or PR) to the date of relapse or progression.
Pathology
The initial diagnosis of lymphoma was made on fine needle ponction of lymph nodes (27 cases) by the Pathology Department of the Facultad de Medicina Veterinaria y Zootecnia, UNAM. Eleven cases counted with additional tissue biopsies (11/27) and were re-reviewed by two human hemato-pathologists at the Hospital Español, on haematoxylin and eosin (HE) stained slides, and then by immunohistochemistry (IHC) for CD3 (T-cell marker, Dako, clone F7.2.38) and CD79a (B-cell marker, Dako, clone JCB117) with monoclonal mouse anti-human antibodies (Dako, Carpinteria CA), using a manual immunoperoxidase method. Briefly, 2 μm sections were obtained and blocked for endogenous peroxidase activity with 3% hydrogen peroxide in ethanol (15 min), then washed in running water (5 min). For antigen retrieval, the slides were pretreated with 10 mM citrate (pH 6.0) in a pressure cooker (30 min), followed by a bath in distilled water. All further steps were performed at room temperature in a hydrated chamber: CD3 or CD79a at 1:200 dilutions were incubated (30 min) and detected by Immunodetector DAB (BioSB, Santa Barbara, CA). For the IHC, samples were considered positive to CD3 or CD79a when an immunoexpression in membrane pattern was found. Amygdaline tissue was used as control.
Treatment
A total of 85% (23/27) of lymphoma patients were treated, 65% (15/23) received a CHOP-based protocol (fourteen received a Madison-Wisconsin-19 weeks protocol without L-asparaginase, and one patient received CHOP/L-asparaginase) 12 . Seven (30%) received prednisone alone, and one with cutaneous lymphoma was treated with lomustine/prednisone. Four dogs were either deemed too sick to undergo chemotherapy or the owners did not accept treatment.
Statistical analysis
All data were analyzed using the commercially available statistic software Graph-Pad Prism 6.0 software. Descriptive statistic included measures of central tendency and spread. Survival probabilities were estimated using the Kaplan-Meier product limit method.
Results and discussion
Among 4,512 dogs seen at the HVE over one year (2,232 females and 2,280 males), 220 (4.9%) were diagnosed with cancer. Lymphoma, diagnosed in 27 patients, was the third most common cancer after mast cell and mammary gland tumors, representing 12% of all cancer patients and 0.6% of all dogs. The mean age at diagnosis was 7.5 years (range: 3-14), with most dogs (81.5%) being over the age of five, which is consistent with other cohorts. 8, [13] [14] [15] Regarding incidence by gender, there was a higher incidence in females (17 dogs) than in males (10 dogs) and we found a slight female predominance (ratio 1.7:1). Other authors have reported a higher incidence in males 13, 16 or no difference at all. 8 dogs reported that intact females had a lower risk than males. 19 We found no association between castration status and the development of lymphoma; there were 6/17 (35%) neutered females with lymphoma versus 649/2,232 (29%) without lymphoma (p = 0.77), and 0/10 (0%) neutered males with lymphoma versus 45/2,280 (2%) without lymphoma (p = 1). The most prevalent breeds of dogs with lymphoma were: mongrels (7/27, 26%) and Miniature Schnauzers (5/27, 18.5%); while in Beagles, Boxers, Golden Retrievers, Great Danes and Poodles there were two dogs of each, (representing 7.4% for each breed). There was only one dog of the following breeds: English Bulldog, Rhodesian, Scottish Terrier, Shar-Pei and West Highland White Terrier (3.7% each). These mostly correspond to breeds without lymphoma seen at the HVE: mongrel (18.5%), Poodle (15%), Golden/Labrador (9%), Cocker Spaniel (7.5%), Miniature Schnauzer (6.4%), Chihuahua (5.5%), Dachshund (4.5%), German Shepherd (3.5%), Boxer (3%), Scottish Terrier (2.5%) and 24.5% of other breeds with less than 2% of individuals. There was a significant association of lymphoma with Miniature Schnauzers, which made up 18.5% (5/27) of lymphoma patients and only 6.4% (288/4512) of all dogs (p < 0.011). In the Veterinary Medical Database, of 14,573 dogs with lymphoma documented over a 38-year period, the most frequently affected breeds were mongrels (22%), Golden Retrievers (10%), Labrador Retrievers (6%), German Shepherds (5%) and Boxers (5%). 19 Other reports confirm the predisposition in Boxers, 8, 15, 18, 20, 21 as well as in Golden Retrievers, 3, 20, 22 and mongrels. 16, 20 It took owners a mean of 50 days (1-66 days) to take their dogs to a veterinarian, after having detected an abnormality. The main reason for consultation was palpable painless lymph node enlargement in 64% (17/27) . In the remaining patients, the reasons were varied, including weight loss, poor vision, pruritus with hair loss in the patient with cutaneous lymphoma, peritoneal effusion, and orchitis. In one dog, lymphoma was an incidental pathological finding on a lymph node removed due to mammary cancer ( Table 1) . By the time these dogs were evaluated at the HVE, most of them (24/27, 88.9%) had evident peripheral nodal involvement with clinically measurable disease, weight loss documented in 22%, and fever in 18.5%. The prognostic impact of these clinical manifestations has not been studied in dogs and would require a large prospective study to determine if factors such as fever and weight loss bear prognostic significance, 23 like they do in humans. As part of the diagnostic staging at pretreatment workup, the most common laboratory abnormality was normochromic normocytic anemia (55.5%), mild in 12 patients (hematocrit: 30-36 %), moderate in 2 (hematocrit: 20-29 %), and severe in 1 (hematocrit: 16%). Eleven (40.7%) had leukocytosis (> 17 × 10 9 /L) at diagnosis, none presented a leucopenia, and four had moderate thrombocytopenia, < 200 × 10 9 /L (108-180 × 10 9 /L). Hypoalbuminemia was present in 29.6% of dogs (< 29 g/L), elevated creatinine (> 130 μmol/L) in 11.11%, alkaline phosphatase (> 189 U/L) in 51.9%, ALT ( > 70 U/L) in 18.5%, and hyperbilirubinemia in 29.6% (one dog with high conjugated (> 4.3 μmol/L), 5 with elevated unconjugated (> 2.6 μmol/L) and 2 with mixed hyperbilirubinemia). There were no patients with hypercalcemia. LDH and beta-2 microglobulin levels were not routinely performed. Chest X rays showed a mediastinal mass in 16% (3/19) of patients. Of the 19 patients with abdominal ultrasound, one had lesions suggestive of hepatic infiltration, while splenic lesions suggestive of neoplastic infiltration were detected in 58% (11/19); five with beehive appearance and 6 with multiple focal lesions ( Table 2 ). According to WHO staging criteria (24) , at initial diagnosis one patient (4%) had early stage IA disease; seven (26%) stage IIIb, and 19 patients (70.4%) stage IV ( Table 1) . Bone marrow aspirates or biopsies were not routinely performed, thus stage V (marrow infiltration) could not be evaluated. Most of the canine lymphoma patients (80%) are diagnosed in advanced stages (III or IV) of disease according to the WHO criteria. 13, 25 No standardized staging procedures are used in dogs, with around 75% of veterinarians ordering basic laboratory and imaging work-up (CBC, biochemical profile, urinalysis, cytology of enlarged lymph node, thoracic radiographs and abdominal ultrasound), 26 while bone marrow biopsies are rarely performed. The absence of routine bone marrow biopsies represents a limitation of the present study, given that marrow involvement is by definition stage V. Thus, some patients may have been understaged. Pathological confirmation of lymphoma subtypes requires excisional tumor biopsy, in order to determine the pattern of infiltration and perform immunohistochemistry. Despite this, a fine needle aspirate (FNA) for cytology is still the most widely used technique. Immunophenotyping by flow cytometry could be done on a cytology sample, however, this technique is not available for dogs in Mexico. 27 The initial diagnosis of lymphoma was made by cytology on FNA in all of our patients, while only 11 had an excisional biopsy for histopathology. On pathological review of tissue biopsies, there were only two histological patterns with all tumors showing diffuse nodal replacement by large cells. In one pattern, (6/11) there was a predominance of large cells resembling immunoblasts (amphophilic cytoplasm, eccentric nuclei, and one central nucleolus) with scattered centroblasts (round nuclei, dispersed chromatin, and basophilic cytoplasm). Of these six tumors, four were T-cell derived with positive CD3 membrane staining. In the second pattern (5/11), the large cells were predominantly centroblasts with scattered immunoblasts and additional numerous tingible-body-macrophages (Fig. 1) , and none stained for T-cells (CD3). None of the T-cell derived lymphomas showed macrophage infiltration. CD79a staining with Dako, clone JCB117 did not cross-react optimally with dog B-cells. Furthermore, available antibodies for immunohistochemistry in dogs are directed against a small number of antigens, making the study of lymphoma subtypes difficult. 7 This should be easier in the near future, since B-cell lineage markers such as PAX5 have been shown to be useful in dogs, though it requires validation, 28 and canine-specific anti-CD20 antibodies are under development. 29 Figure 1 . The only two histopathological patterns observed in canine lymphoma biopsies. Two morphological patterns were observed by hematoxylin and eosin staining. The first with diffuse susbstitution of the lymph node architecture by large cells resembling inmunoblasts and scarce centroblasts A (10×) and B (40×). The second with a similar diffuse nodal replacement by large centroblast-like cells with disperse immunoblasts and numerous tingible body marhophages giving a starry sky-like appearance C (10×) and D (40×). Interestingly, as opposed to other reports in which diverse lymphoma subtypes are described, we did not see low grade, small, or medium sized-cell lymphomas. [30] [31] [32] [33] In the eleven cases with excisional biopsies, only two morphological patterns were observed on H&E staining. Both patterns corresponded to diffuse large cell lymphomas. Though one pattern had evident tingible-body macrophages suggestive of a high proliferative rate and resembled a starry sky appearance, these tumors do not seem to correspond to Burkitt´s lymphoma, based on the size and morphology of malignant lymphocytes. Three studies describe a Burkitt´s-like morphology in 1.6-16.6% of canine lymphomas. 7, 34, 35 It is not clear whether these are equivalent to human Burkitt´s, in which a c-myc balanced translocation from chromosome 8 to genes encoding for immunoglobulin heavy or light-chains is a sine qua non. In dogs, the c-myc gene is located on chromosome 13; a translocation between this region and known immunoglobulin genes has not been reported. 36 Regarding cell of origin, studies vary with some reporting a higher incidence of B-cell lymphomas, while in others T-cell lymphomas predominate. 7, 16, 30, 35, 37 We confirmed a T-cell origin in four of eleven lymphomas, a similar finding to that seen in a previous Mexican study which found a T-cell phenotype in half their patients (48.4%). 16 A significant variation in the relative prevalence of B-cell and T-cell lymphomas in relation to breeds has also been reported. T-cell lymphomas are more prevalent in Boxer, Shih-Tzu, Welsh Corgi and Siberian Husky breeds, as opposed to a higher incidence of B-cell lymphomas in Doberman, Cocker Spaniel, Labrador Retriever, Rottweiler, Basset Hound and mongrels. 20, 35 Treatment was initiated 13 days (mean, 1-41) after pathologic confirmation of lymphoma. Currently, dogs do not receive lymphoma subtype-directed treatment, despite chemotherapy being used for canine lymphoma since 1967, 22, 38 with CHOP becoming standard treatment in most countries regardless of the cell or origin or lymphoma subtype. 1, 10, 34, [37] [38] [39] Close to two thirds of our patients received CHOP as first line therapy with an OR of 73% (CR:3/20%; PR: 8/53%) with progressive disease in 4/27%, and a median overall survival of 219 days (4-586 days). Patients who achieved CR and PR had a meantime to progression of 171 and 105 days, respectively. These results are less encouraging than other reports of 80-90% CR rates and meansurvivals of 12-18 months. 2, 12, [40] [41] [42] This may be due in part to the advanced stage of disease at diagnosis. Only 60% (9/15) of patients completed the 19-week protocol with half (7/15) having frequent treatment delays due to neutropenia. The reasons for stopping treatment were progressive disease 3 and partial response. 2 However, as seen in our cohort, relapse and disease-related deaths are frequent. 2, 40 Of the patients that did not receive chemotherapy, seven patients were treated at diagnosis with prednisone only due to poor performance status. Of these, 1 had SD for less than one month, 4 PD and 2 were lost to follow up. All non-treated patients died in less than two weeks (Fig. 2) . This is similar to reports of non-treated patients who have short survivals of 4-6 weeks, probably due to more advanced disease. 40, 43 A patient with cutaneous lymphoma achieved PR with lomustine and prednisone and is still alive at a follow up of 452 days. 
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Conclusions
The demographic characteristics in this cohort are similar to studies reported in other countries. Although it was not possible to accurately establish bone marrow involvement, it is relevant that most patients (70%) are seen in advanced stages of disease, at least in Stage IV. This highlights the need to implement programs to educate owners on the importance of an early detection. Interestingly, only highgrade tumors were found through histopathological review of lymph node biopsies. In order to achieve an accurate distinction between lymphoma subtypes excisional biopsies rather than fine needle aspirates should be carried out. A wider range of available antibodies for immunohistochemistry is much needed in dogs. This will lead to specific, more effective, and curative treatments. Pathological classification and disease-specific directed therapy in dogs lag far behind those achieved in humans. Worldwide collaborative studies between human and veterinary medicine are required. Figure 2 . Overall survival of canine lymphoma patients by treatment regimen at diagnosis. Overall survival is shown for the two treatment regimens documented (CHOP-like and Prednisone) and for non-treated patients. The best outcome was seen in patients treated with the multi-drug scheme (blue continuous line). This may be because the multidrug chemotherapy was offered to the healthier and fitter dogs.
